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Abstract

1 Window Functions

wn−1−k = wk (1)

1.1 Blackman

<Type>Vector w = <Type>Blackman(n);

wk = 0.42− 0.5 · cos
(

2πk
n− 1

)
+ 0.08 · cos

(
4πk
n− 1

)
= 0.5

(
1− cos

(
2πk
n− 1

))
− 0.08

(
1− cos

(
4πk
n− 1

))
= 1− cos2

(
πk

n− 1

)
− 0.16

(
1− cos2

(
2πk
n− 1

))
= sin2

(
πk

n− 1

)
− 0.16 sin2

(
2πk
n− 1

)
= sin2

(
πk

n− 1

)
− 0.64 sin2

(
πk

n− 1

)(
1− sin2

(
πk

n− 1

))
= 0.36 sin2

(
πk

n− 1

)
+ 0.64 sin4

(
πk

n− 1

)
=

(
4
5

)2

sin2

(
πk

n− 1

)((
3
4

)2

+ sin2

(
πk

n− 1

))
(2)

1.2 Dolph-Chebyshev

<Type>Vector w = <Type>Chebyshev(n, ripple);

δp = 10−ripple/20 (3)
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τp =
1 + δp
δp

(4)

σp = cosh
(

cosh−1(τp)
n− 1

)
(5)

δf =
1
π
· cos−1 (1/σp) (6)

x0 =
3− cos(2πδf )
1 + cos(2πδf )

=
3− (2 cos2(πδf )− 1)
1 + (2 cos2(πδf )− 1)

=
2− cos2(πδf )

cos2(πδf )

= 2σ2
p − 1 (7)

xk =
x0 + 1

2
cos(2πk/n) +

x0 − 1
2

=
x0 + 1

2
(
2 cos2(πk/n)− 1

)
+
x0 − 1

2
= (x0 + 1) cos2(πk/n)− 1
= 2σ2

p · cos2(πk/n)− 1 ≥ −1 (8)

xn−k = xk (9)
xn/2 = −1 (10)

rk =


cos
(
n−1

2 cos−1(xk)
)

if |xk| ≤ 1

cosh
(
n−1

2 cosh−1(xk)
)

if 1 < |xk|
(11)

rn/2 = 0 (12)
tk = rk (13)

if n is odd.

tk =

 +rkeiπk/n ∀k | 0 ≤ k < n/2

−rkeiπk/n ∀k | n/2 ≤ k < n
(14)

if n even.
tn−k = t∗k (15)
tn/2 = 0 (16)

wj =
n−1∑
k=0

tke
i2πjk/n (17)

wj ←

 wj+(n+1)/2 mod n if n is odd

wj+n/2 mod n if n is even
(18)

∀j | 0 ≤ j < n.

2



1.3 Hamming

<Type>Vector w = <Type>Hamming(n);

wk = 0.54− 0.46 cos
(

2πk
n− 1

)
= 0.54− 0.46

(
2 cos2

(
πk

n− 1

)
− 1
)

= 1− 0.92 cos2

(
πk

n− 1

)
= 0.08 + 0.92 sin2

(
πk

n− 1

)
(19)

1.4 Hanning

<Type>Vector w = <Type>Hanning(n);

wk =
1
2

(
1− cos

(
2π(k + 1)
n+ 1

))
=

1
2

(
1−

(
2 cos2

(
π(k + 1)
n+ 1

)
− 1
))

= sin2

(
π(k + 1)
n+ 1

)
(20)

1.5 Kaiser

<Type>Vector w = <Type>Kaiser(n, beta);

wk =

I0

(
β

√
1−

(
2k−(n−1)
n−1

)2
)

I0(β)

=
I0

(
β
n−1

√
(n− 1)2 − (2k − (n−1))2

)
I0(β)

=
I0

(
2β
n−1

√
k(n−1−k)

)
I0(β)

(21)
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2 Discrete Fourier Transforms

2.1 1 Dimensional DFTs

2.1.1 Return by Reference (In Place)

Direct Inverse
<Type>1DCCDDFT(n, i) <Type>1DCCIDFT(n, i) Complex to Complex
<Type>1DRCDDFT(n, i) <Type>1DRCIDFT(n, i) Real to Complex
<Type>1DCRDDFT(n, i) <Type>1DCRIDFT(n, i) Complex to Real

2.1.2 Return by Value (Out of Place)

Direct Inverse
<Type>1DCDDFTC(n, i) <Type>1DCIDFTC(n, i) Complex from Complex
<Type>1DCDDFTR(n, i) <Type>1DCIDFTR(n, i) Complex from Real
<Type>1DRDDFTC(n, i) <Type>1DRIDFTC(n, i) Real from Complex

2.1.3 Resize

resize(n, i)

2.2 2 Dimensional DFTs

2.2.1 Return by Reference (In Place)

Direct Inverse
<Type>2DCCDDFT(m, n, i) <Type>2DCCIDFT(m, n, i) Complex to Complex
<Type>2DRCDDFT(m, n, i) <Type>2DRCIDFT(m, n, i) Real to Complex
<Type>2DCRDDFT(m, n, i) <Type>2DCRIDFT(m, n, i) Complex to Real

2.2.2 Return by Value (Out of Place)

Direct Inverse
<Type>2DCDDFTC(m, n, i) <Type>2DCIDFTC(m, n, i) Complex from Complex
<Type>2DCDDFTR(m, n, i) <Type>2DCIDFTR(m, n, i) Complex from Real
<Type>2DRDDFTC(m, n, i) <Type>2DRIDFTC(m, n, i) Real from Complex

2.2.3 Resize

resize(m, n, i)
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2.3 3 Dimensional DFTs

2.3.1 Return by Reference (In Place)

Direct Inverse
<Type>3DCCDDFT(l, m, n, i) <Type>3DCCIDFT(l, m, n, i) Complex to Complex
<Type>3DRCDDFT(l, m, n, i) <Type>3DRCIDFT(l, m, n, i) Real to Complex
<Type>3DCRDDFT(l, m, n, i) <Type>3DCRIDFT(l, m, n, i) Complex to Real

2.3.2 Return by Value (Out of Place)

Direct Inverse
<Type>3DCDDFTC(l, m, n, i) <Type>3DCIDFTC(l, m, n, i) Complex from Complex
<Type>3DCDDFTR(l, m, n, i) <Type>3DCIDFTR(l, m, n, i) Complex from Real
<Type>3DRDDFTC(l, m, n, i) <Type>3DRIDFTC(l, m, n, i) Real from Complex

2.3.3 Resize

resize(l, m, n, i)
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